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WIRELESS DEVICE WITH DYNAMIC
FRAGMENTATION THRESHOLD
ADJUSTMENT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. provisional

application Ser. No. 60/497,996 filed Aug. 26, 2003, which 1s
incorporated herein whole by reference.

The present invention relates to communications 1n a wire-
less network. In particular, the invention relates to dynamic
fragmentation threshold adjustment 1n a wireless network.

Wireless communications are becoming very popular
because allow users to move freely without being tied to a
desk or wire. However, users are continually demanding
greater performance and better communication with their
wireless devices. Consequently, techniques that improve the
performance of wireless devices are extremely useful and
may have great commercial value. One aspect that can be
improved has to do with the way messages are fragmented so
that they may be efficiently communicated between devices.

In wireless communication standards such as 802.11 Wire-
less Local Area Network (WLAN) standard, a technique
called fragmentation divides large messages into smaller
fragments so that they can be transmitted efficiently between
devices. Ordinarily, the fragment length 1s fixed, however, the
longer the fragments the more likely that they will be cor-
rupted during the communication. On the other hand, the
smaller fragmentation length means larger overhead and
more transmit and acknowledge (ACK) rounds which will
decrease the system throughput. So 1t the channel condition 1s
good, the longer fragment length will increase the system
throughput. Some techniques for manually modifying the
fragment size or for dynamically modifying the fragment size
are known 1n the art, but they do not adequately take into
account certain channel parameters and varnables that would
be usetul for optimizing the fragment length.

In the 802.11 specification FIG. 1 1s provided to show the
standard fragmentation process of partitioning a media access
control (MAC) service data unit (MSDU) into smaller MAC
level frames, MAC protocol data units (IMPDUSs). Fragmen-
tation creates MPDUSs smaller than the original MSDU length
to increase reliability, by increasing the probability of suc-
cessiul transmission of the MSDU or MMPDU 1n cases
where channel characteristics limit reception reliability for
longer frames.

The mvention 1s directed to a technique for optimizing the

fragment length, especially under the 802.11 WLAN stan-
dard.

The present mvention addresses the i1dentified problems
and provides a wireless communication device with a
dynamic Ifragmentation threshold. This dynamic setting
allows the wireless communication device to achieve an opti-

mized throughput based on the quality of the wireless com-
munication channel.

A wireless communication device comprises an input/out-
put terminal configured to commumnicate data with a proces-
sor. A memory 1s configured to store parameters relevant to a
wireless communication protocol. A modem 1s coupled to the
input/output terminal and the memory and configured to
operate a wireless protocol over a wireless channel with other
modems based at least 1n part on the parameters stored in the
memory. A logic circuit 1s coupled to the modem and the
memory and configured to receive information related to
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wireless channel conditions and update at least one parameter
in the memory. In one aspect of the invention, the wireless
protocol 1s 802.11.

In one aspect of the imnvention, the memory 1s configured to
store a fragmentation threshold, the modem 1s configured to
use the fragmentation threshold to frame outgoing data pack-
ets, and the logic circuit 1s configured to periodically update
the fragmentation threshold.

In one aspect of the invention, the information related to
wireless channel conditions includes an 1mpulse response
signal from the recerver, and the logic circuit 1s configured to
periodically update the fragmentation threshold based at least
in part on the impulse response signal.

In one aspect of the invention, the mnformation related to
wireless channel conditions includes a frame error rate and
impulse response signal from the receiver, and the logic cir-
cuit 1s configured to periodically update the fragmentation
threshold based at least 1n part on the frame error rate and
impulse response signal

Advantages of the invention include the ability to achieve
higher wireless commumication throughput due to the
dynamic setting of the communication parameters, for
example, the fragmentation threshold. This dynamic setting
increases communication quality by setting the fragmented
packet length to an optimum threshold, thereby increasing
throughput while reducing frame error rate over the wireless
link.

The mvention will be described with reference to the fol-
lowing figures in which:

FIG. 1 1s a diagram showing fragmentation under the
802.11 communication protocol specification;

FIG. 2 1s a simplified block diagram showing two wireless
devices using an exemplary 802.11 WL AN standard accord-
ing to an embodiment of the invention;

FIG. 3 1s an exemplary wireless frame structure according
to the 802.11 specification;

FIG. 4 1s a diagram showing an internal functional block
diagram of the modem according to an embodiment of the
invention;

FIG. § 1s a diagram showing an internal functional block
diagram of the logic circuit according to an embodiment of
the invention;

FIG. 6 1s a chart showing an equalizer operating on a
received signal according to an embodiment of the invention;
and

FIG. 7 1s a flowchart showing the inventive operating steps
according to an embodiment of the mnvention.

The 1mvention 1s described with reference to a number of
embodiments, which may include specific implementations.
The mvention 1s intended to describe the best mode of the
invention, but other similar techniques and technologies can
be used to perform the invention. For example, reference 1s
made to the 802.11 wireless protocol, but other protocols may
be implemented in the invention. Likewise, while reference 1s
made to a logic circuit for updating modem parameters, the
invention can also be performed in software by a processor or
other device.

A. Fragmentation Using Wireless Protocol Standard
(802.11)

As shown 1 FIG. 1, amedia access control (MAC) device
may fragment and reassemble directed MAC service data
units (MSDUs) or MAC management protocol data units
(MMPDUSs). Each of these fragments 1n referred to as a frame
in communication between the wireless devices. Fragmenta-
tion 1s described 1n detail 1n the 802.11 specification, which 1s
available on the Internet at the IEEE web site, http://ww-
w.ieee.org. However, while the specification describes stan-
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dard techmiques for performing fragmentation based on a
fragmentation threshold, the specification does not specily or

suggest a technique for dynamaically setting the fragmentation
threshold as described herein.

FI1G. 2 1s a simplified block diagram showing two wireless
devices 102 and 104 using an exemplary 802.11 communi-
cation protocol according to an embodiment of the invention.
The exemplary devices 102 and 104 are the same so reference
1s made to one of the devices, e.g. 102. A modem 110 1s
constructed that 1s coupled to a memory 112 for storing com-
munication parameters and a logic circuit for managing the
wireless communication. The invention employs a technique
that permits the logic circuit to dynamically set parameter in
the memory in order to optimize communication perfor-
mance, described 1n detail below.

FIG. 3 1s an exemplary wireless frame 200 according to the
802.11 specification, where the frame represents one of the
fragments as described above. The modem 110 performs the
fragmentation and constructs the frame 1ncluding the frame
body, which can be 0-2312 bytes long, depending on the
fragmentation threshold stored in the memory 112.

B. Channel Parameters and Fragmentation Threshold
Computation

As described above, the logic circuit 114 periodically set
the fragmentation threshold stored in the memory 112. FIGS.
4 and 5 show an internal functional block diagram of the
modem according to an embodiment of the mvention. The
modem 110 includes a number of components, for example,
a transmitter and receiver. In addition, the modem includes a
decoder, deframer and equalizer, etc. Some of these compo-
nents 1s capable of providing a channel related information to
imply the quality of communication between the wireless
devices 102, 104. For example, the receiver can provide a
received signal strength indicator (RSSI) as well as a frame
error rate (FER) since 1t receives the acknowledge (ACK)
signal when a frame 1s successiully transmitted to the other
device. Likewise, the equalizer can provide a characterization
of the channel impulse response because 1t 1s dynamically set
to compensate the channel distortion effect in order to equal-
ize the channel. These signals in combination represent the
channel conditions that are generated by the modem 110 and
fed to the logic circuit 114.

In particular, the signals of interest include: (a) RSSI, (b)
symbol energy, (¢) incoming FER, (d) outgoing FER, and (¢)
impulse response energy. In one aspect of the ivention, the
RSSI 1s provided directly by the recerver. In one aspect of the
invention, the symbol energy 1s derived from the Barker
decoder (e.g. in 802.11). In one aspect of the invention, the
incoming FER 1s provided by the decoder. In one aspect of the
invention, the outgoing FER 1s provided by the decoder based
on correctly decoded ACK signals. In one aspect of the mnven-
tion, the impulse response energy 1s provided by the equal-
1ZE.

It may be useful to expand the description somewhat on the
impulse response that 1s provided by the equalizer. The main
role of an equalizer 1n a wireless receiver 1s to compensate or
equalize the channel distortion to the transmitted signal so
that the recerved signal can be easily decoded by the decoder.
This relationship 1s shown 1n FIG. 6, 1n a chart showing an
equalizer operating on a recetved signal. The equalized signal
Y (n) can be written as follows:

Y(n)=X(n)*h(n)*wn)

where X(n) 1s the transmitted signal, h(n) 1s the channel
impulse response, w(n) 1s the impulse response of the equal-
izer and * 1s a convolution operation.
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Ideally, 1f the channel effect on the transmitted signal can
be tully compensated by the equalizer, the output signal Y(n)
should be the delay and scaled version of X(n), which means:

h(r)*w(n)=Co(n-m)

where C 1s a constant (which can be assumed as 1 11 Auto-
matic Gain Control 1s implemented in the system), o(n) 1s
Kronecker delta function and m 1s the delay.

If the channel can be modeled as a finite impulse response
(FIR) filter, we can to estimate the channel eflect on the
transmitted signal X(n) and we can observe the equalizer
weight by using some metrics. Here, we propose to measure
the power of the equalizer weight as:

P=3Iw(j)I” forj=0to N

where N 1s the length of the equalizer weight w(j).

The larger the value of P, the weaker the channel. The
invention will set a lower fragmentation threshold for a
weaker channel since there 1s a greater likelihood of losing
long packets.

The fragmentation threshold parameter 1s calculated
according to the following exemplary formula, where the
mput parameters are pl=RSSI, p2=symbol energy,
p3=incoming FER, pd=outgoing FER and p3=Impulse
Response Energy

FrameN FragmentationThreshold=t1(pl,.._,-pl..,)+12
(0231 —P2n_2)+13(P3 51 —P3 N2 )+ (A —DAy_ o) +HS
(PS5 —P5+5 ), where all functions 1( ) are monotone increas-
ing functions.

C. Method of Operation

FIG. 7 1s a flowchart showing the inventive operating steps
according to an embodiment of the invention. In step 502, the
fragmentation threshold 1s set to an 1nitial number, which may
be factory set, set by default on power up, set by a user, or set
by other means. In step 504, the modem creates the channel
signals related to the wireless communication channel. In step
506, the logic circuit calculates the new fragmentation thresh-
old based on the selected channel signals and functions. In
step 508, the logic circuit updates the fragmentation threshol
parameter i the memory so that the transmitter framer can
then use that parameter to fragment future frames. The logic
circuit may also update additional parameters as desired 1n
order to perform future calculations or to create a log of
certain desired parameters.

D. Conclusion

Advantages of the invention include the ability to achieve
higher wireless communication throughput based on dynami-
cally setting of the communication parameters, for example,
the fragmentation threshold. This dynamic setting increases
communication quality by setting the fragmented packet
length to an optimum threshold, thereby increasing through-
put while reducing lost packets over the wireless link.

Having disclosed exemplary embodiments and the best
mode, modifications and variations may be made to the dis-
closed embodiments while remaining within the subject and
spirit of the mvention as defined by the following claims.

What 1s claimed 1s:

1. A wireless communication device comprising: an input/
output terminal; a memory configured to store parameters
relevant to a wireless communication protocol and to store a
fragmentation threshold; a modem coupled to the mput/out-
put terminal and the memory and configured to communicate
using a wireless protocol over a wireless channel with at least
one other modem based at least 1n part on the parameters
stored 1in the memory and to use the fragmentation threshold
to frame outgoing data packets; and a logic circuit coupled to
the modem and the memory, wherein the logic circuit 1s
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configured to receive information related to wireless channel
performance and update at least one parameter in the
memory, wherein the information related to wireless channel
conditions includes a received signal strength indicator, a
symbol energy, an incoming frame error rate, an outgoing
frame error rate and an impulse response signal energy, and
wherein the logic circuit 1s further configured to periodically
update the fragmentation threshold based at least in part on a
function of the received signal strength indicator, the symbol
energy, the imncoming frame error rate, the outgoing frame
error rate and the impulse response signal energy, wherein the
fragmentation threshold of a frame 1s based on a function of
the difference between received signal strength indicators of
two previous frames, the difference between symbol energies
of the two previous frames, the difference between incoming
frame error rates of the two previous frames, the difference
between outgoing frame error rates of the two previous
frames and the difference between impulse response signal
energies ol the two previous frames.

2. The wireless communication device of claim 1, wherein
the fragmentation threshold of a frame N can be expressed as:

frame N fragmentation threshold =f1{pl,_;—plax o)+
F2P25_1=p2n )3 (P3N_1—P3n—2) HAPAN_1-
PAN_)HSDIN_1-PIn ),

where the functions 11, 12, 13, {4 and 15 are monotone increas-
ing functions, pla.,_; represents the received signal strength
indicator of a previous frame N-1, pl,, , represents the
received signal strength indicator of another previous frame
N-2, p2.._, represents the symbol energy of the previous
frame N-1, p2., , represents the symbol energy of the previ-
ous frame N-2, p3.._, represents the imncoming {frame error
rate of the previous frame N-1, p3,. , represents the incom-
ing frame error rate of the previous frame N-2, p4., ; repre-
sents the outgoing frame error rate of the previous frame N-1,
pd.. , represents the outgoing frame error rate of the previous
frame N-p2, p5.., represents the impulse response signal
energy of the previous frame N-1 and p5,, , represents the
impulse response signal energy of the previous frame N-2.

3. A method of communicating between wireless modems
using a wireless protocol, comprising the steps of: storing
parameters relevant to the wireless communication protocol
in a memory coupled to a modem, wherein the storing step
includes the step of storing a fragmentation threshold; com-
municating via the modem using the wireless protocol over a
wireless channel with at least one other modem based at least
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in part on the parameters stored in the memory, wherein the
communicating step includes the step of using the fragmen-
tation threshold to frame outgoing data packets; and recerving
information related to wireless channel conditions and updat-
ing at least one parameter 1n the memory, wherein the infor-
mation related to wireless channel conditions includes a
received signal strength indicator, a symbol energy, an incom-
ing frame error rate, an outgoing frame error rate and an
impulse response signal energy, and wherein the updating
step includes the step of periodically updating the fragmen-
tation threshold based at least in part on a function of the
received signal strength indicator, the symbol energy, the
incoming frame error rate, the outgoing frame error rate and
the impulse response signal energy, wherein the fragmenta-
tion threshold of a frame 1s based on a function of the difier-
ence between received signal strength indicators of two pre-
vious frames, the difference between symbol energies of the
two previous frames, the difference between incoming frame
error rates of the two previous frames, the difference between
outgoing frame error rates of the two previous frames and the
difference between impulse response signal energies of the
two previous frames.

4. The method of claim 3, wherein the fragmentation
threshold of a frame N can be expressed as:

frame N fragmentation threshold =f1(plx_—pla 5)+
F2P2x5_1=p2n )HBW3n_—D3n_2) +APAN_-
PAN )P N 1=PON_2);
where the functions {1, 12, {3, 14 and {5 are monotone
increasing functions, pl.._, represents the recerved sig-
nal strength indicator of a previous frame N-1, pl,,_,
represents the received signal strength indicator of
another previous frame N-2, p2,, , represents the sym-
bol energy of the previous frame N-1, p2,, , represents
the symbol energy of the previous frame N-2, p3,,
represents the incoming frame error rate of the previous
frame N-1, p3,._, represents the incoming frame error
rate of the previous frame N-2, pd,._, represents the
outgoing {frame error rate of the previous frame N-1,
p4.._, represents the outgoing frame error rate of the
previous Iframe N-2, p5.._, represents the impulse
response signal energy of the previous frame N-1 and
p3.._, represents the impulse response signal energy of
the previous frame N-2.
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